(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

Internationa] Bureau 

(43) International Publication Date 
17 January 2002 (17.01.2002) 




PCT 



(10) International Publication Number 

WO 02/04858 A2 



(51) International Patent Classification 7 : F21 V 8/00 

(21) International Application Number: PCT/US01/21294 

(22) International Filing Date: 5 July 2001 (05.07.2001) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

09/613,313 



English 
English 

1 1 July 2000 ( 1 1 .07.2000) US 



(71) Applicant: 3M INNOVATIVE PROPERTIES COM- 
PANY [US/US]; 3M Center, P.O. Box 33427, Saint Paul, 
MN 55133-3427 (US). 

(72) Inventors: GARDINER, Mark, E.; P.O. Box 33427, 
Saint Paul, MN 55133-3427 (US). COBB, Sandford; 
P.O. Box 33427, Saint Paul, MN 55133-3427 (US). 



KRETMAN, Wade, D.; P.O. Box 33427, Saint Paul, MN 
55133-3427 (US). 

(74) Agents: BUCKINGHAM, Stephen, W. et aL; Office of 
Intellectual Property Counsel, P.O. Box 33427, Saint Paul, 
MN 55133-3427 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CO, CR, CU, CZ, CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EC, EE, 
EE (utility model), ES, FI, FI (utility model), GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, 
MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SK (utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, 
UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 



[Continued on next page] 



= (54) Title: BACKLIGHT WITH STRUCTURED SUFACES 



< 

00 

m 

00 




40 36 



(57) Abstract: A backlight includes a lightguide, a light source disposed with respect to the lightguide to introduce light into the 
lightguide and a turning film. Optical structures are formed in one of an output surface and a back surface of the lightguide. The 
optical structures are arranged to extract light from the lightguide. A back reflector is disposed adjacent the back surface. The optical 
structures are formed to include a varying pattern arranged to mask non-uniformities in the output of the lightguide. 
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BACKLIGHT WITH STRUCTURED SURFACES 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates generally to a backlight and more 
5 particularly to backlights including lightguides formed with optical 
structures in one or more surfaces of the lightguide. 

Description of the Related Technology 

Backlit display devices, such as liquid crystal display 
10 (LCD) devices, commonly use a wedge-shaped lightguide. The wedge-shaped 

lightguide couples light from a substantially linear source, such as a 

cold cathode fluorescent lamp (CCFL) , to a substantially planar output. 

The planar output is then used to illuminate the LCD. 

One measure of the performance of the backlit display is its 
15 uniformity. A user can easily perceive relatively small differences in 

brightness of a display from one area of the display to the next. Even 

relatively small non- uniformities can be very annoying to a user of the 

display. 

Surface diff users or bulk diffuser sheets, which scatter the 
20 light exiting the lightguide, are sometimes used to mask or soften non- 
uniformities. However, this diffusion also results in light being 
directed away from a preferred viewing axis. A net result can be a 
reduction in overall brightness of the display along the preferred 
viewing axis, which is another performance measure of a display device. 
25 From a subjective standpoint relatively small increases or 

decreases in overall brightness are not as easily perceived by the user 
of the display device as are discrete nonunif ormities . However, the 
display device designer is discouraged by even the smallest decreases in 
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overall brightness including decreases so small they might only be 
perceived by objective measurement. This is because display brightness 
and power requirements of the display are closely related. If overall 
brightness can be increased without increasing the required power, the 
5 designer can actually allocate less power to the display device, yet 
still achieve an acceptable level of brightness. For battery powered 
portable devices, this translates to longer running times. 

SUMMARY OF THE INVENTION 
In accordance with the invention, an optical element, such 

10 as a lightguide, optical film or lens, is formed with a predetermined, 

programmed pattern of optical structures. The optical structures may be 
arranged to selectively correct for non- uniformities in the output of 
the optical element, or may be arranged to otherwise effect the 
performance of the display in a predetermined, and designed manner. 

15 In a first aspect of the invention, an optically 

transmissive film having a first surface and a second surface and a 
first edge and a second edge is formed with a plurality of optical 
structures formed in the first surface. The plurality of optical 
structures are arranged on the first surface in a predetermined pattern, 

20 and each optical structure has at least one characteristic selected from 
the group consisting of an amplitude, a period and an aspect ratio. 
Each characteristic has a first value for a first predetermined location 
on the film between the first edge and the second edge and the 
characteristic has a second value, different from the first value, for a 

25 second predetermined location on the film, different than the first 
predetermined location on the film, between the first edge and the 
second edge. 
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In another aspect of the invention, the structure in 
accordance with the invention is part of a thick optical element, such 
as for example, a lightguide wedge or slab. The structure is achieved 
on the thick element through injection molding, casting, compression 
5 molding, or by bonding a film with the structure to the thick optical 
element . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The many advantages and features of the present invention 
10 will become apparent to one of ordinary skill in the art from the 

following detailed description of several preferred embodiments of the 
invention with reference to the attached drawings wherein like reference 
numerals refer to like elements throughout and in which: 

FIG. 1 is a perspective view of an illumination device 
15 adapted in accordance with an embodiment of the invention; 

FIG. 2 is a perspective view of an optical film 
incorporating a programmed pattern of optical structures in accordance 
with one embodiment of the invention; 

FIG. 3 is a perspective view of an optical film 
20 incorporating a programmed pattern of optical structures in accordance 

with another embodiment of the invention; 

FIG. 4 is a perspective view of an optical film 
incorporating a programmed pattern of optical structures in accordance 
with another embodiment of the invention; 
25 FIG. 5 is a perspective view of a lightguide wedge 

incorporating a programmed pattern of optical structures in accordance 
with another embodiment of the invention; 
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FIG. 6 is a perspective view of a lightguide wedge 
incorporating an in-phase programmed pattern of optical structures in 
accordance with another embodiment of the invention; 

FIG. 7 is a cross-section view taken along line 7-7 of FIG. 

5 6; 

FIG. 8 is a perspective view of a lightguide wedge 
incorporating an out -of -phase programmed pattern of optical structures 
in accordance with another embodiment of the invention; 

FIG. 9 is perspective view of a linear lens structure 
10 incorporating a programmed pattern of optical structures in accordance 
with another embodiment of the invention; 

FIG. 10 is a schematic plan view representation of a 
circular lens structure incorporating a programmed pattern of optical 
structures in accordance with another embodiment of the invention; 
15 FIG. 11 is a schematic perspective view representation of 

the circular lens structure shown in FIG. 10; 

FIG. 12 is a perspective view of an optical film 
incorporating a programmed pattern of optical structures in accordance 
with an alternate preferred embodiment of the invention; 
20 FIG. 13 is a perspective view of an optical film 

incorporating a programmed pattern of optical structures in accordance 
with an alternate preferred embodiment of the invention; 

FIG. 14 is a perspective view of an optical film 
incorporating a programmed pattern of optical structures in accordance 
25 with an alternate preferred embodiment of the invention; 

FIG. 15 is a perspective view of a lightguide incorporating 
a first programmed pattern of optical structures in a top surface and a 
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second programmed pattern of optical structures in a bottom surface in 
accordance with a preferred embodiment of the invention; 

FIG. 16 is a side view illustration of the lightguide shown 

in FIG. 15; 

5 FIG. 17 is an exploded perspective view of a backlight in 

accordance with a preferred embodiment of the invention; 

FIG. 18 is an exploded perspective view of a backlight in 
accordance with a preferred embodiment of the invention ; 

FIG. 19 is a plot illustrating light output distribution for 
10 the backlight illustrated in FIG. 17; 

FIG. 20 is a plot illustrating light output distribution for 
the backlight illustrated in FIG. 18; 

FIG. 21 is a side view illustration of a backlight in 
accordance with the prior art; 
15 FIG. 22 is a side view illustration of a backlight in 

accordance with a preferred embodiment of the invention; 

FIGS. 23-28 are side view illustrations of various 
configurations of backlights in accordance with the preferred 
embodiments of the invention. 



20 



WO 02/04858 



-6- 



PCT/US01/21294 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is described in terms of several 
preferred embodiments, and particularly, in terms of an optical film or 
a lightguide suitable for use in a backlighting system typically used in 
5 flat panel display devices, such as a laptop computer display or a 

desktop flat panel display. The invention, however, is not so limited 
in application and one of ordinary skill in the art will appreciate that 
it has application to virtually any optical system, for example, to 
projection screen devices and flat panel televisions. It will be 

10 further appreciated that the invention has application to small LCD 
display devices such as those found in cellular telephones, personal 
digital assistants (PDAs), pagers, and the like. Therefore, the 
embodiments described herein should not be taken as limiting of the 
broad scope of the invention. 

15 Referring to Fig. 1, an illumination system 10 includes a 

light source 12; a light source reflector 14; a lightguide 16 with an 
output surface 18, a back surface 20, an input surface 21 and an end 
surface 22; a reflector 24 adjacent the back surface 20; a first light 
redirecting element 26; a second light redirecting element 28; and a 

20 reflective polarizer 30. The lightguide 16 may be a wedge, a 

modification thereof or a slab. As is well known, the purpose of the 
lightguide is to provide for the distribution of light from the light 
source 12 over an area much larger than the light source 12, and more 
particularly, substantially over the entire area formed by the output 

25 surface 18. The lightguide 16 further preferably accomplishes these 
tasks in a compact, thin package. 

The light source 12 may be a CCFL that inputs light to the 
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edge surface 21 of the lightguide 16, and the lamp reflector 14 may be a 
reflective film that wraps around the light source 12 forming a lamp 
cavity. The back reflector 24 is located behind the lightguide 16 
adjacent to the back surface 20. The back reflector 24 may be an 
5 efficient back reflector, e.g., a diffuse reflective film or a specular 
reflective film. 

In the embodiment shown, the edge- coupled light propagates 
from the input surface 21 toward the end surface 22, confined by total 
internal reflection (TIR) . The light is extracted from the lightguide 

10 16 by frustration of the TIR. A ray confined within the lightguide 16 
increases its angle of incidence relative to the plane of the top and 
bottom walls, due to the wedge angle, with each TIR bounce. Thus, the 
light eventually refracts out of the output surface 18 and at a glancing 
■ angle thereto, because it is no longer contained by TIR. Some of the 

15 light rays are extracted out of the back surface 20. These light rays 
are reflected back into and through the lightguide 16 by the back 
reflector 24. First light redirecting element 26 is arranged as a 
turning film to redirect these light rays exiting the output surface 18 
along a direction substantially parallel to a preferred viewing 

20 direction. 

With reference still to PIG. 1 and with brief reference also 
to FIG. 2, the first light redirecting element 26 may be a light 
transmissive optical film with a first surface 32 and a second surface 
34. The first surface 32, in a turning film application, is arranged as 
25 an input surface and is formed with prisms 44, which refract and reflect 
the light exiting the lightguide 16 along the preferred viewing 
direction. The second surface 34 is therefore an output surface. The 
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prisms may have a substantially uniform configuration, or may have a 
non-uniform configuration as described in commonly assigned US patent 
application * OPTICAL FILM WITH VARIABLE ANGLE PRISMS," Serial No. 
09/415,873, filed October 8, 1999, the disclosure of which is hereby 
5 expressly incorporated herein by reference. 

Referring back to PIG. 1, the second light redirecting 
element 28 may not be required in every configuration of the 
illumination system 10. When included in the system 10, the second 
light redirecting element may be a diffuser, a lenticular spreader or a 

10 prism film, for example a brightness enhancing film such as the 3M 

Brightness Enhancement film product (sold as BEFII or BEFIII) available 
from Minnesota Mining and Manufacturing Company, St. Paul, Minnesota. 
The reflective polarizer 30 may be an inorganic, polymeric or 
cholesteric liquid crystal polarizer film. A suitable film is the 

15 Diffuse Reflective Polarizer film product (sold as DRPF) or the Specular 
Reflective Polarizer film product (sold as DBEF) , both of which are 
available from Minnesota Mining and Manufacturing Company. Furthermore, 
at least the second light redirecting element 2 8 and the reflective 
polarizer 30, and potentially the first light redirecting element 26, 

20 may be combined into a single optical element. The commonly assigned US 
Patent Application entitled » DISPLAY ILLUMINATION DEVICE AND METHOD OF 
ENHANCING BRIGHTNESS IN A DISPLAY ILLUMINATION DEVICE, " Serial No. 
09/415,100, filed October 8, 1999, the disclosure of which is hereby 
expressly incorporated herein by reference, describes several such 

25 combined optical structures. 

With lightguides used for backlighting, such as the 
lightguide 16, it is common for there to be non-uniformities in the 
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light output from the lightguide. These non- uniformities can frequently 
be concentrated near the input surface 21. To mask non-uniformities, 
which are generally considered a defect, a diffuser that covers the 
output surface of the lightguide is typically used. However, a diffuser 
5 tends to reduce the overall brightness of the display and may not 
adequately mask all of the defects. 

As described above, in the illumination system 10, the first 
light redirecting element 26 is arranged as a turning film, and may have 
a structure as shown in FIG . 2 . Referring once again to FIG . 2 , the 

10 film contains a pattern 42 of optical structures 40 (prisms) that are 

arranged to have an out-of -phase varying amplitude. For a turning film 
application, the pattern 42 is formed on a surface that is the light 
input surface of the film. However, in other applications several of 
which will be described herein, the pattern 42 may be formed on a top 

15 and/or bottom surface of a wedge, slab or film. For the turning film 
application illustrated in FIG. 1, in addition to the prisms formed on 
the first surface 32 of the first light redirecting element 26, the 
second surface 34 may be formed with optical structures. 

Continuing with the discussion in connection with FIG. 2, 

20 the first light redirecting element 26 has a first edge 36 and a second 

edge 38. The optical structures 40 extend from the first edge 36 toward 

the second edge 3 8 in the pattern 42. Each optical structure 40 may 

have a number of characteristics, such as amplitude, period and aspect 

« 

ratio of the peaks 44 and valleys 46. The pattern 42 may also have 
25 characteristics, such as for example, a pitch, p, between optical 

structures 40. The structures 40 in FIG. 2 are shown having amplitude 
variation. In application of the first light redirecting structure 26, 
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the grooves may be arranged such that variation in their amplitude is 
perpendicular to the light source 12 {FIG. 1) . 

With continued reference to FIG. 2, it is observed that 
within the pattern 42, the optical structures 40 are formed with a 
5 larger amount of amplitude variation at the first edge 36, and this 

amplitude variation decreases in magnitude toward the second edge 38. 
The larger amount of amplitude variation in the optical structures 40 
produces more optical power along the groove axis because of the higher 
surface slopes. The optical power of this pattern then decreases as a 

10 function of the distance from the first edge 36. This arrangement of 
the optical structures 40 and the pattern 42 is purposeful. As noted, 
non-uniformities in the output of lightguide 16 may be concentrated near 
the input surface 21 while there may be less non -uniformity farther from 
the input surface 21. Thus, the optical structures 40 and the pattern 

15 42 are arranged to provide more diffusion near the first edge 36. In 
application, the first edge 36 will be disposed substantially adjacent 
the input surface 21 of the lightguide 16. The pattern 42 has a pitch, 
p, which may be uniform or variable, and the amplitude of the optical 
structures 40 may decrease to naught toward the second edge 38. This 

20 pattern, as will be discussed in more detail below, may be produced with 
any tool shape. 

It should be appreciated that using ray tracing and other 
analysis techniques, it is possible to determine particular arrangements 
for the optical structures 40 and the pattern 42 that best correct 

25 particular observed non-uniformities in the output of the lightguide 16. 

That is, one or more of the characteristics of the optical structures 40 
and the pattern 42 may be tailored to correct a particular non- 
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uniformity. As described above, in connection with first light 
redirecting element 26, the optical structures 40 and the pattern 42 
provided optical power to the output of the lightguide 16 near the input 
surface 21 in order to mask non- uniformities that may occur near the 
5 input surface 21. Less or no optical power is provided away from the 

input surface 21 as fewer or less intense non -uniformities are typically 
observed from the lightguide 16 farther from the input surface 21. In 
this manner, optical power is provided where most needed to mask or 
soften non-uniformities, while less optical power is provided where 

10 there may be less non -uniformity to mask. Moreover, optical power may 
be added virtually anywhere to the output of the lightguide by adding 
optical structures and/or varying the characteristics of the optical 
structures. Furthermore, the addition of optical power need not be 
uniform. Instead, optical power may be added, as necessary, to discrete 

15 regions of the lightguide output if necessary to help mask a defect or 
create a particular optical effect. 

Some lightguides include a pattern of diffuse dots on a back 
surface of the lightguide. Light incident to one of the dots is 
diffusely scattered by the diffuse dot, and a portion of this reflected 

20 light is caused to exit the light guide. In spite of the diffuse nature 
of this method of extracting light from the lightguide, the pattern of 
dots may itself be visible in the lightguide output. Thus, to hide the 
dot pattern, additional diffusion is typically provided. 

With reference to FIG . 3, a film 50 has a surface 52 which 

25 is formed to include a plurality of optical structures 54 disposed in a 
pattern 56. The optical structures 54 are arranged essentially to 
replace the diffuse dot pattern for providing extraction of light from 
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the lightguide. While shown in FIG. 3 as ellipses, the optical 
structures 54 are not collectively limited to any particular shape nor 
are they limited to any one particular shape within the pattern 56. 
Therefore, the optical structures 54 may be prisms, lines, dots, 
5 squares, ellipses, circles, diamonds or generally any shape or 

combinations of shapes. Moreover, the optical structures 54 may be made 
very small in size and may be spaced very closely together within the 
pattern 56, much more so than the dots within a diffuse dot pattern may 
be size and spaced. For example, the optical structures may have a size 

10 up to the size typical of that used for diffuse dots, but preferably 
will be smaller than the acuity of the human eye, and may be spaced 
within about 50-100 m of each other. This very small size and close 
spacing of the optical structures 54 eliminates or reduces the need for 
diffusion in the output of the lightguide that is ordinarily necessary 

15 to hide the pattern of diffuse dots. 

Referring to FIG. 4, an optical film 51 has a surface 53 
which is formed with a plurality of optical structures 55 disposed in a 
pattern 57. In this embodiment of the invention, the optical structures 
55 are formed as circles or dots. FIG. 5 illustrates a lightguide wedge 

20 59 with a back surface 61 that is formed with optical structures 63 

disposed in a pattern 65. The optical structures again are illustrated 
as circles or dots, but it will be appreciated that the optical 
structures may take on virtually any configuration. 

The invention permits and provides for the changing of the 

25 slope of the lightguide at a micro-level. That is, the slope of the 
lightguide may be locally increased or decreased by the addition of 
optical structures at the micro-level. When a light ray hits a higher 
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positive slope, it will be extracted from the lightguide faster than if 
it hit the nominal wedge angle. 

While so far discussed in terms of optical films, the 
invention has application to the lightguide wedge itself. Referring to 
5 FIGS. 6 and 7, a lightguide 60 has an input surface 62, an output 

surface 64 and a back surface 66. The input surface 62 is arranged to 
be disposed adjacent a light source (not depicted) to provide a source 
of light incident to the input surface 62. The light incident to the 
input surface 62 is extracted out of the output surface 64 as a result 

10 of frustrated TIR within the lightguide 60. As discussed above, it is 
common for there to be non-uniformities in the light output from the 
lightguide 60, particularly near the input surface 62. 

FIG. 7 illustrates the addition of optical power to the back 
■ surface 66 of the lightguide 60 and the adjustment in intensity 

15 extending away from the input surface 62. As shown in FIG. 6, the back 
surface 66 is formed with in-phase optical structures 68 arranged to 
enhance extraction near the input surface 62 and to taper to naught away 
from the input surface 62. The pattern can also be non-tapering, i.e., 
constant, over the entire surface, increasing from naught, randomly 

20 varying, or distributed in discrete regions. It is also possible for 
the optical structures to be out -of -phase, such as optical structures 
68' formed in a back surface 66' of the lightguide 60' shown in FIG. 8. 
It will be appreciated that patterns of optical structures may also be 
formed in the output surface 64 either separately or in conjunction with 

25 a pattern formed in the back surface 66 ~ such embodiments of the 
inventions being described more fully below and particularly in 
connection with FIGS. 15 and 16. Returning to the present discussion, a 
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purpose of providing the optical structures is to achieve an effect that 
minimizes non-uniformities of the lightguide output wherever they may 
occur. For example, the lightguide 60 shown in PIGS . 6 and 8 may have 
non-uniformities that appear primarily adjacent the input surface 62, 
5 which would suggest adding optical structures that have more optical 
power near the input surface 62 . 

With particular reference to FIG. 7 # the optical structures 
68 may be formed on a surface 72 of an optical film 70. The optical 
film 70 may then be coupled to the wedge structure of the lightguide 60 

10 using ultraviolet (UV) curing, pressure sensitive or any other suitable 
adhesive. Alternatively, the wedge may be molded in bulk to include the 
optical structures 68 in the back surface 66. 

As will be more generally appreciated from the foregoing 
discussion, virtually any configuration of optical structures may be 

15 formed into an optical film, and the optical film coupled, for example 

by bonding, to a lightguide or other bulk optical element. For example, 
glare reduction, anti-wetout, Fresnels, and virtually any other 
structure that may be formed in a surface of an optical film may be 
easily replicated into the film and then the film coupled to another 

20 optical element. 

Films incorporating programmed optical structures may be 
manufactured using a microreplication process. In such a manufacturing 
process, a master is made, for example by cutting the pattern into a 
metal roll, and the master is used to produce films by extrusion, cast- 

25 and-cure, embossing and other suitable processes. Alternatively, the 
films may be manufactured by compression or injection molding, casting 
or roll forming. A preferred apparatus and method for microreplication 
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is described in the commonly assigned US patent application entitled 
■ Optical Film With Defect -Reducing Surface and Method of Making Same," 
serial no. 09/246,970 filed February 9, 1999, (Attorney Docket No. 
54176USA9A) , the disclosure of which is hereby expressly incorporated 
5 herein by reference. 

As an example of the above -de scribed feature of the 
invention, and with reference to FIG. 9, a linear Fresnel lens or prism 
80 has a substantially planar first surface 82 and a second surface 84. 
The second surface 84 is formed with lens structures 86 and superimposed 

10 on the lens structures 86 are additional optical structures 88. The 

optical structures 88 have characteristics, such as amplitude, period, 
and aspect ratio, which vary from a first edge 90 of the lens 80 to a 
second edge 92 of the lens 80. The lens 80 may be formed in bulk, or as 
shown in FIG. 9, the lens structures 86 including the optical structures 

15 88 may be formed on a film 94 that is then bonded to a bulk optical 

substrate 96. Depending on the application, the first surface 82 may be 
arranged as an input surface and the second surface 84 as an output 
surface, and vice -versa. 

FIGS. 10 and 11 illustrate schematically a circular lens 81 

20 that includes a first surface 83 and a second surface 85. The second 
surface 85 is formed to include lens structures 87, for example, 
circular Fresnel lens structures, and superimposed over the lens 
structures 87 are additional optical structures 89. The optical 
structures 89 have characteristics, such as amplitude, period, and 

25 aspect ratio, which may vary, for example, from an outer circumference 
of the lens 81 to the center of the lens 81. 

Referring now to FIG. 12, shown graphically is a film 100 
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containing a varying amplitude pattern 102 of optical structures 108 
formed using a " V" shaped cutting tool . The pattern 102 may be formed 
on a top and/or bottom surface of the film 100. Likewise, the pattern 
102 may be formed in a wedge or slab. The film 100 has a first edge 104 
5 and a second edge 106. The optical structures 108 extend from the first 
edge 104 toward the second edge 106 arranged in the pattern 102. Each 
optical structure 108 may have a number of characteristics, such as 
amplitude, period and aspect ratio. The pattern 102 may also have 
characteristics, such as for example, a pitch, p, defining a spacing 

10 between optical structures 108. The optical structures 108 in FIG. 12 

are shown having amplitude variation. In application of the film 100, 
the grooves may be arranged such that the variation in amplitude is 
perpendicular, parallel or at an angle to a lightsource of the 
lightguide incorporating the film 100. 

15 With continued reference to PIG. 12, it is observed that 

within the pattern 102, the optical structures 108 are formed with 
larger amplitude at the first edge 104 and decrease in amplitude toward 
the second edge 106 . The larger amplitude produces more optical power 
along the groove axis because of the higher surface slopes. The optical 

20 power of this pattern then decreases as a function of the distance from 
the first edge 104. This arrangement of the optical structures 108 and 
the pattern 102 is purposeful . 

With reference to FIGS. 13 and 14, films 110 and 112, are 
shown respectively. Each film 110 and 112 has characteristics like film 

25 100, and like reference numerals are used to describe like elements 

therebetween. As opposed to the pattern created by using a n V" shaped 
tool, the film 110, FIG. 13, has a pattern 114 of optical structure 116 
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that is formed using a tool having a curve or arc configuration. The 
film 112, FIG. 14, has a pattern 118 of optical structures 120 that is 
formed using a flat nose tool. The patterns 114 and 118 are arranged as 
described to provide optical power in the surface or surfaces of the 
5 films 110 and 112. It will be appreciated that virtually any tool 

configuration may be used with the particular tool being selected to 
achieve a desired amount and form of optical power in the surface* or 
surfaces of the film. 

In the lightguide 121 illustrated in FIGS. 15 and 16, a 

10 first pattern 122 of optical structures 124 is formed in a bottom 

surface 126 and a second pattern 128 of optical structures 130 is formed 
in a top surface 132 of the wedge 134. For purposes of illustration 
only, the optical structures 124 are shown in FIG. 15 to extend only 
partially across the bottom surface 126, and the optical structures 130 

15 are shown in FIG. 15 to extend only partially across the top surface 
132 . It will be appreciated that the optical structures 124 and the 
optical structures 13 0 will in most cases extend across the entirety of 
the bottom surface 126 and the top surface 132, respectively. The first 
pattern 122 may be arranged to facilitate the extraction of light from 

20 the wedge 134, while the second pattern 128 may be arranged to mask non- 
uniformities in the light output from the wedge. It will be 
appreciated, however, that the patterns implemented in the wedge 134 
will depend on the desired light output to be achieved from the wedge 
134. Moreover, as described above, the patterns 122 and 128 may be 

25 formed first in optical films that are later coupled to the wedge, for 
example, by bonding. In another construction, surfaces 122 and 128 are 
formed in the wedge by injection molding or casting. 
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As is appreciated from the foregoing discussion, and in 
accordance with the preferred embodiments of the invention, a lightguide 
may be formed with optical structures, e.g., w V" grooves, in either a 
first surface, a second surface or both. Whether the first surface or 
5 the second surface is an input surface relates to the orientation of the 
surface with respect to a light source. The optical structures may be 
uniformly or randomly spaced, and may have various other 

characteristics. Thus, the invention has application to lightguides and 
backlight systems for a variety of applications. One example of an 

10 application is a backlight system that extracts light by the frustration 
of total internal reflection where the lightguide is formed with optical 
structures in either a back surface and/or an output surface thereof. 
Still another example is a backlight system that has a lightguide that 
uses a pattern of dots to extract light ad includes optical structures 

15 formed in either or both of its back and output surfaces. These and 
other examples are described in more detail below. 

Referring to FIG . 17, a backlight 14 0 is illustrated and 
includes a light source 142 adjacent an input edge 143 of a wedge 
lightguide 144. A back reflector 146 is disposed adjacent a back 

20 surface 154 of the lightguide 144, and a turning film 14 8 is disposed 

adjacent an output surface 150 of the lightguide 144. The back surface 
154 is formed with optical structures 152. The optical structures 152 
may be grooves formed in the back surface 154, and are shown as such in 
FIG. 16. The grooves shown in FIG. 17 are « V" grooves and have a prism 

25 angle of about 90 degrees, but prism angles ranging from 60 degrees - 
120 degrees may be used. Shapes other than u V" grooves may also be 
used for optical structures 152. Furthermore, each optical structure 
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may be formed to have a height that varies along its length from a 
nominal value. This variation may have a wavelength, which may be in 
the range of about 1 m - 1000 m, preferably be less than about 140 m. 
Such structures are disclosed and described in the commonly assigned 
5 United States Patent Application entitled w Optical Film," Serial No. 
09/025,183, filed February 18, 1998 (attorney docket no. 53772USA6A) , 
the disclosure of which is hereby expressly incorporated herein by 
reference . 

The optical structures 152 are shown oriented substantially 
10 perpendicular to the light source 142. It will be appreciated that the 
optical structures 152 may be oriented parallel to the light source 142 
or at an angle between 0 degrees - 90 degrees to the light source 142. 

The turning film 148 may be any suitable prismatic turning 
film. For example, the turning film 148 may be formed as described in 
15 the aforementioned United States Patent Application entitled * Optical 
Film With Variable Angle Prisms." 

The back surface 154 is formed to include the optical 
structures 152. This results in some additional light being extracted 
from the lightguide 144 through the output surface 150 as compared to 
20 the light that is extracted from the back surface 154. A portion of the 
light exiting the back surface 154 will encounter the back reflector 146 
and will be reflected back through the lightguide 144 and the output 
surface 15 0. 

Referring now to FIG . 18, a backlight 140' is illustrated 
25 that is similar in construction to the backlight 140, and like reference 
numerals are used to designate like elements. Primed reference numerals 
are used to designate elements that are altered from the backlight 
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construction shown in FIG. 17. The backlight 140' includes a light 
source 142 adjacent an input edge 143 of a wedge lightguide 144'. A 
back reflector 146' is disposed adjacent a back surface 154' of the 
lightguide 144', and a turning film 148 is disposed adjacent an output 
5 surface 150' of the lightguide 144' . The output surface 150' is formed 
with optical structures 152'. The optical structures 152' may be 
grooves formed in the output surface 150', and are shown as such in FIG. 
17. The grooves shown in FIG. 18 are w V" grooves and have a prism 
angle of about 90 degrees, but prism angles ranging from 60 degrees - 

10 120 degrees may be used. Shapes other than w V" grooves may also be 
used for optical structures 152'. Furthermore, each optical structure 
152' may be formed to have a height that varies along its length from a 
nominal value. This variation in height may have a wavelength, which 
may be in the range of about 1 m- 1000 m, but for lightguide 

15 applications will preferably be less than about 140 m. Such structures 
are disclosed and described in the aforementioned United States Patent 
Application entitled 11 Optical Film," Serial No. 09/025,183. 

The optical structures 152' are shown oriented substantially 
perpendicular to the light source 142'. It will be appreciated that the 

20 optical structures 152' may be oriented parallel to the light source 

142' or at an angle between 0 degrees - 90 degrees to the light source 
142. 

Forming the output surface 150' to include the optical 
structures 152' results in additional light being extracted from the 
25 lightguide 144 through the back surface 154' as compared to the output 
surface 150' . Some light is also extracted from the output surface 
150'. The portion of the light exiting the back surface 154' will 
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encounter the back reflector 146' and will be reflected back through the 
lightguide 144' and the output surface 150. Therefore, with the 
backlight 140' , it may be desirable to directly secure the back 
reflector 146' to the back surface 154'. This may be accomplished by 
laminating the back reflector 146' to the back surface 154'. Such an 
arrangement for the back reflector 146' is disclosed and described in 
the commonly assigned United States Patent Application, Serial No. 
09/414,124, filed October 8, 1999 and entitled tt Lightguide Having a 
Directly Secured Reflector and a Method of Making the Same," the 
disclosure of which is expressly incorporated herein by reference. 
Alternatively, the back reflector may be formed on the back surface 
using a vapor deposition process . In embodiments in which the reflector 
is directly secured to the back surface of the lightguide, it will be 
appreciated that the reflector should be both specular and highly 
efficient with very low absorption. 

As described above, variation is added to a characteristic 
of the optical structures 152 and 152' formed respectively in the back 
surface or the output surface of the lightguide, e.g., variation in the 
amplitude of the optical structures, to reduce non-uniformities in the 
output of the backlight 140 and 140', respectively. It is possible to 
provide similar variation in the optical structures by other methods, 
such as by bead blasting the optical structures, however forming the 
grooves with the described variation in prism height provides a 
controllable, predictable and hence preferred method of reducing non- 
uniformities in the output of the backlight. 

FIG. 19 illustrates light output in a viewing cone disposed 
above an output of the backlight 140, i.e., the light exiting the 
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backlight 140 from an output surface of the turning film 148. What may 
be determined from the illustrated light output is the on-axis 
luminance, the maximum luminance, the integrated intensity, the 
horizontal distribution or horizontal half-angle and the vertical 
5 distribution or vertical half -angle. FIG. 20 provides a similar 

distribution for the backlight 140' . Clearly noticeable is that the 
output of backlight 140' has a reduced horizontal distribution and a 
slightly increased vertical distribution. Overall integrated intensity, 
or the total amount output light from the backlight 140 and 140' is 

10 about the same, although on-axis luminance and maximum luminance is 

substantially increased for the backlight 140' as compared to the 
backlight 140. Appreciated from the FIGS. 19 and 20, is that the 
arrangement of optical structures in the lightguides 140 and 140', 
• respectively, will have an effect on the output of the backlight system. 

15 In the backlight 140' , the lightguide 144' with optical structures 152' 

formed in its top surface, additional collimation of the light output of 
the backlight 140' is achieved as compared to the backlight 140. 
Furthermore, because optical structures 152' may be formed with varying 
characteristics, as described above, the light output from the backlight 

20 140' may be made uniform without additional optical films or other 
devices, such as diff users . 

There are additional advantages associated with providing 
the optical structures 152', including varying characteristics, in the 
output surface 150' of the lightguide 140'. One such advantage relates 

25 to the interface of the output surface 150' with the turning film 148. 
With the optical structures 152' being formed in the output surface 
150' , there will be relatively few points of contact between the prisms 
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of the turning film 148 and the output surface 150'. This may result in 
a decrease in the optical defect generally referred to as wet-out. As 
mentioned above, providing variation in the formation of the optical 
structures 152' helps also to mask defects in the output of the 
5 backlight making the light output more uniform. Therefore another 

advantage of providing the optical structures 152' in the output surface 
150' may be the elimination of a diffuser film in the overall backlight 
system. Because the optical structures 152' provide light collimation, 
as may be observed from FIG. 20, it is possible, in accordance with the 

10 invention, to provide a backlight system that requires fewer sheets of 
optical film as compared to typical backlight systems. 

Illustrated in FIG. 21, are a lightguide 151, a turning film 
153, an LCD display 154 and a back reflector 155. Light is extracted 
from the lightguide 151 from both the top surface 161 and the back 

15 surface 157. It is possible that strong Fresnel reflections 156 between 
the back reflector 155 and the back surface 157 may trap a substantial 
portion of the light extracted from the back surface 157. This light is 
ultimately lost leading to inefficiency. To improve this situation, 
illustrated in FIG. 22, the reflecting surface 158 of the back reflector 

20 155' may be formed with optical structures 159. The optical structures 
159 may be facets, grooves or other shaped structures. The optical 
structures 159 help to reduce the specular component of reflection from 
back reflector 155' and to direct more light up through the lightguide 
151, thus increasing its efficiency. A suitable back reflector 

25 including optical structures is the enhanced diffuse reflector (EDR) 

film product sold by 3M. One of skill in the art will appreciate that 
the principle taught in FIG. 22 may be applied to virtually any 
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backlight, including without limitation backlight 140 and backlight 
systems in accordance with the additional preferred embodiments herein 
described. 

Several adaptations, enhancements and modifications of the 
5 backlight systems have been described above. Still others can be 
appreciated and are within the scope of the invention. It will be 
appreciated that the particular arrangement of the backlight system will 
depend on the application for which it is intended. To illustrate the 
adaptability of the present invention, several examples are shown and 
10 described in connection with FIGS. 23-28. 



Grooves in the Back Surface of the lightguide 

In FIG. 23, a backlight 160 includes a light source 162, a 
wedge lightguide 164, a back reflector 166, a turning film 168 and an 

15 optional additional optical film 170. The lightguide 164 has an output 
surface 165 and a back surface 172 that is formed with optical 
structures similar to optical structures 152 shown in connection with 
the lightguide 144 in FIG. 16. The optical structures may be formed 
directly into the lightguide 164 by injection molding or casting. 

20 Alternatively, the optical structures may be formed in a light 

transmissive film that is laminated to the back surface 172 of the 
lightguide 164. 

With optical structures formed on the back surface 172 of 
the lightguide 164 additional light exits the lightguide 164 through the 

25 output surface 165 as compared to the back surface 172. The light 

exiting the back surface 172, however, encounters the back reflector 
166, and is reflected back through the lightguide 164. A suitable 
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ref lector including optical structures is a grooved diffuse reflector. 

In accordance with additional aspects of the backlight 160, 
the turning film 168 may be formed to include a diffusive structure in 
its output surface 176. The optional optical film 170 may be a 
5 brightness enhancing film, such as aforementioned BEPIII optical film, 
the Diffuse Reflective Polarizer film product {sold as DRPF) or the 
Specular Reflective Polarizer film product (sold as DBEF) , all of which 
are available from Minnesota Mining and Manufacturing Company. 

10 Grooves in the Output Surface of the lightguide 

In FIG. 24, a backlight 180 includes a light source 182, a 
wedge lightguide 184, a back reflector 186, a turning film 188 and an 
optional optical film 190. The lightguide 184 has an output surface 192 
that is formed with optical . structures similar to optical structures 

15 152' shown in connection with the lightguide 144' illustrated in FIG. 

17. The lightguide 184 may be formed by injection molding or casting so 
as to include the optical structures in the output surface 192. 
Alternatively, the optical structures may be formed in a light 
transmissive film that is laminated to the output surface 192 of the 

20 lightguide 184. Such an arrangement potentially increases manufacturing 
flexibility and reduces manufacturing costs by simplifying mold design 
for the lightguide 184. Instead of having a unique mold for each 
lightguide, lightguides may be adapted in accordance with the invention 
by laminating a surface of the lightguide with the optical film formed 

25 with the optical structures. 

With optical structures formed on the output surface 192 of 
the lightguide 184 an additional amount of light exits the lightguide 
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184 from the output surface 192 as compared to the amount of light 
exiting the lightguide from a back surface 193 . The light exiting the 
back surface 193, however, encounters the back reflector 186, and is 
reflected back through the lightguide 184. To ensure a high percentage 
5 of the light exiting the back surface 193 is reflected back through the 
lightguide 184, the back reflector 186 is preferably directly secured to 
the back surface 193. This may be accomplished by laminating a mirror 
or mirror film to the back surface 193 or by vapor deposition coating 
the back surface 193. When directly secured to the back surface 193, 

10 the back reflector should be specular and highly efficient. 

In accordance with additional aspects of the backlight 180, 
the turning film 188 may be formed to include a diffusive structure in 
its output surface 196. The optical film 190 may be a brightness 
enhancing film, such as aforementioned BEFIIX optical film, the Diffuse 

15 Reflective Polarizer film product (sold as DRPF) or the Specular 

Reflective Polarizer film product (sold as DBEF) , all of which are 
available from Minnesota Mining and Manufacturing Company. 

In FIG. 25, a backlight 220 includes a light source 222, a 
wedge lightguide 224, a back reflector 226 and a turning film 228. The 

20 lightguide 224 has an output surface 230 that is formed with optical 

structures (not depicted) . The optical structures may have a varying 
pattern, such as described in the aforementioned United States Patent 
Application entitled u Optical Film, " formed using a cutting tool of any 
suitable shape. The optical structures may be formed directly in the 

25 lightguide 224 by injection molding or casting, or alternatively, the 
optical structures may be formed in a light transmissive film that is 
laminated to the output surface 230 of the lightguide 224. 
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With optical structures formed on the output surface 230 of 
the lightguide 224 an additional amount of light exits the lightguide 
224 through the back surface 232 as compared to the amount of light that 
exits through the output surface 230. This light encounters the back 
5 reflector 226, and is reflected back through the lightguide 224. A 
suitable reflector may be a grooved diffuse reflector. The optical 
structures may also provide for masking of non -uniform! ties, and thus' 
eliminate the need for a diffuser in the backlight system. 

Also, because the optical structures may also provide 

10 collimation of the light exiting the lightguide (see FIG. 20), it is 
possible, in accordance with the invention, to provide a backlight 
system that requires fewer sheets of optical film as compared to typical 
backlight systems. In the embodiment shown in FIG. 25 there is a 
single, optional, optical film 238, which may be the Diffuse Reflective 

15 Polarizer film product (sold as DRPF) or the Specular Reflective 

Polarizer film product (sold as DBEF) available from Minnesota Mining 
and Manufacturing Company. 

Recycling Backlight Systems 

20 In FIG. 26, a backlight 200 includes a light source 202, a 

wedge lightguide 204, a back reflector 206, and one or more additional, 
optional optical films 210 and 212. The lightguide 204 has a back 
surface 214 that is formed with optical structures similar to optical 
structures 152 shown in connection with the lightguide 144 in FIG. 17. 

25 The optical structures may be formed directly in the lightguide 204 by 

injection molding or casting. Alternatively, the optical structures may 
be formed in a light transmissive film that is laminated to the back 
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surface 214 of the lightguide 204. 

The optical structures formed on the back surface 214 of the 
lightguide 204 facilitate the extraction of light from the lightguide 
204. The optical structures may therefore allow for the elimination of 
the diffuse dot pattern typically used to extract light from the 
lightguide. Some light exits the back surface 214, and this light 
encounters the back reflector 206, and is reflected back through the 
lightguide 204. A suitable back reflector is the enhanced diffuse 
reflector (EDR) film product sold by 3M. 

Elimination of the dot pattern for extraction of light from 
the lightguide 204 may reduce the need to add diffusion to mask the 
appearance of the dot pattern in the output of the backlight 200. The 
optional optical films 210 and 212 may be brightness enhancing films, 
such as the aforementioned BEPIII optical film product arranged in a 
crossed arrangement; Diffuse Reflective Polarizer film product (sold as 
DRPF) the Specular Reflective Polarizer film product (sold as DBEF) 
and/or various combinations thereof and all of which are available from 
Minnesota Mining and Manufacturing Company. 

In FIG. 27, a backlight 240 includes a light source 242, a 
wedge lightguide 244, a back reflector 246, a diffuser 248 and first and 
second optional additional optical films 250 and 252. The back 
reflector 246 is preferably secured to a back surface 254 of the 
lightguide 214 using a dot patterned adhesive, such as described in the 
aforementioned United States Patent Application entitled u Lightguide 
Having a Directly Secured Reflector." The adhesive is therefore 
arranged in a dot pattern typical of an extraction dot pattern. 

The lightguide 244 has an output surface 255 that is formed 



WO 02/04858 



-29- 



PCT/US01/21294 



with optical structures (not depicted) . The optical structures may have 
a varying pattern as described above. The optical structures may be 
formed directly in the lightguide 244 by injection molding or casting, 
or alternatively, the optical structures may be formed in a light 
5 transmissive film that is laminated to the output surface 255 of the 
lightguide 244 . 

The optical structures including the varying pattern, as 
described, may eliminate the need for a diffuser, such as the diffuser 
248, to mask the dot pattern, as well as other non-uniformities in the 

10 output of the backlight 240. As such, the diffuser 248 is optional. 
When used, the optional optical films 25 0 and 252 may be brightness 
enhancing films, such as the aforementioned BEFIII optical film product, 
arranged in a crossed arrangement, the Diffuse Reflective Polarizer film 
- product (sold as DRPF) or the Specular Reflective Polarizer film product 

15 (sold as DBEF) , all of which are available from Minnesota Mining and 

Manufacturing Company. 

Pseudo- Wedge Backlight System 

Referring now to FIG. 28, a backlight 260 includes a light 

20 source 262 and a pseudo-wedge lightguide 264. The pseudo-wedge 

lightguide 264 includes a first surface 266 and a second surface 2 68. 
The first surface may be formed with optical structures 270, such as 
optical structures 152 described in connection with FIG. 17. The second 
surface is formed with faceted groove structures 272 that are arranged 

25 to be parallel to the light source 262. The faceted groove structures 

272 facilitate extraction of light from the lightguide by enhancing the 
frustration of total internal reflection. Not shown, the backlight 260 
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will also include a back reflector disposed adjacent the second surface 
268. 

The faceted groove structures 272 may have variable angle 
features. Each individual facet has a facet angle. When the faceted 
5 groove structures 272 include a variable angle feature, the individual 
facet angles vary from facet to facet. This arrangement of the faceted 
groove structures 272 may reduce the appearance of nonunif ormities in an 
output of the backlight 260. 

While the lightguide 264 is shown as a slab structure, the 

10 lightguide 264 may be wedge. Furthermore, the faceted groove structures 
272 may be formed directly in the lightguide 264, for example by molding 
or casting, or the faceted groove structures may be formed in an optical 
film that is laminated to a slab or wedge lightguide. The faceted 
groove structures may also vary in density as a function of distance 

15 from the light source 262. 

Still other modifications and alternative embodiments of the 
invention will be apparent to those skilled in the art in view of the 
foregoing description. This description is to be construed as 
illustrative only, and is for the purpose of teaching those skilled in 

20 the art the best mode of carrying out the invention. The details of the 
structure and method may be varied substantially without departing from 
the spirit of the invention, and the exclusive use of all modifications 
which come within the scope of the appended claims is reserved. 
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CLAIMS 



What is claimed is: 



A backlight comprising: 



5 



a lightguide, 



a light source disposed with respect to the lightguide to 
introduce light into the lightguide; 

optical structures formed in one of an output surface and a back 
surface of the lightguide, the optical structures arranged to extract 
10 light from the lightguide; 

a turning film disposed adjacent to the output surface; 

a back reflector disposed adjacent the back surface; and 

wherein the optical structures include a varying characteristic 
arranged to mask non- uniformities in the output of the lightguide. 



15 



2. 



The backlight of claim 1, wherein the optical structures comprise 



grooves . 



3. 



The backlight of claim 2, wherein the grooves are arranged 



20 



substantially parallel to the light source. 



4. 



The backlight of claim 2, wherein the grooves are arranged 



substantially perpendicular to the light source. 



25 



5. The backlight of claim 2, wherein the grooves are arranged at an 
angle between about 0 degrees to about 90 degrees to the light source. 
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6. The backlight of claim 2, wherein the grooves have a shape 
selected from the group of shapes consisting of w V" grooves, flat 
grooves and arcs. 

5 7. The backlight of claim 1, wherein the back reflector is directly 
secured to the back surface. 

8. The backlight of claim 1, wherein the back reflector is adhesively 
bonded to the back surface. 

10 

9. The backlight of claim 1, wherein the back reflector is secured to 
the back surface by a dot adhesive pattern. 

10. The backlight of claim 1, wherein the back reflector is formed to 
15 include optical structures, the optical structures arranged to enhance 

the reflection of light back through the lightguide. 

11. The backlight of claim 1, wherein the lightguide is one of a wedge 
lightguide, a slab lightguide and a pseudo-wedge lightguide. 

20 

12. The backlight of claim 1, wherein the optical structures are 
formed in an optical film, and the optical film is laminated to the 
lightguide. 



25 



13. The backlight of claim 1, wherein the lightguide is formed with 
optical structures in each of the output surface and the back surface. 
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14. The backlight of claim 1, wherein the varying characteristic 
varies as a function of a position on the one of the output surface and 
the back surface. 

5 15. The backlight of claim 1, wherein the varying characteristic 

linearly decreases in magnitude from a first edge of the lightguide to a 
second edge of the lightguide. 

16. An optical film comprising: 

10 a light transmissive film having a first surface and a second 

surface; and 

optical structures formed in the first surface, the optical 
structures including a varying characteristic arranged to mask non- 
uniformities in an output of the optical film, the varying 
15 characteristic varying as a function of a position of the varying 
characteristic on the first surface. 

17. The optical film of claim 16, wherein the optical structures 
comprise grooves. 

20 

18. The optical film of claim 16, wherein the grooves are arranged to 
be substantially parallel to an edge of the optical film. 

19. The optical film of claim 16, wherein the grooves are arranged at 
25 an angle between about 0 degrees to about 90 degrees to an edge of the 

optical film. 
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20. The optical film of claim 16, wherein the second surface of the 
film is adapted to be secured to one of a back surface and an output 
surface of a optical film. 

5 21. The optical film of claim 16, wherein the grooves have a shape 

selected from the group of shapes consisting of w V" grooves, flat 
grooves and arcs . 

22. The optical film of claim 16, wherein the varying characteristic 
10 linear decreases in magnitude from a first edge of the optical film to a 

second edge of the optical film. 

23. A lens comprising: 

a first surface and a second surface, and 
15 optical structures formed in one of the first surface and the 

second surface, the optical structures including a varying 
characteristic arranged to mask non-uniformities in an output of the 
lens, the characteristic varying as function of a position of the 
optical structure on said surface. 

20 

24. The lens of claim 23, the lens having a Fresnel lens structures, 
and the optical structures being formed in the Fresnel lens structures. 



25 



25. The lens of claim 23, wherein the lens comprises one of a linear 
lens structure and a circular lens structure. 
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26. A lightguide comprising: 

an input surface, a back surface and an output surface; and 
optical structures formed in one of the input surface, the back 
surface and the output surface, the optical structures including a 
varying characteristic arranged to mask non-uniformities in an output of 
the lightguide, the characteristic varying as function of a position of 
the optical structure on said surface. 

27. The lightguide of claim 26, wherein the optical structures are 
formed in a film and wherein the film is secured to said surface. 

28. The lightguide of claim 27, wherein the film is secured to said 
surface by bonding. 

29. The lightguide of claim 26, wherein the optical structures 
comprise one of tt V" grooves, flat grooves and arcs. 

30. The lightguide of claim 26, wherein the optical structures 
comprise grooves arranged perpendicular to the input edge. 

31. The lightguide of claim 26, wherein the optical structures 
comprise grooves arranged at an angle between 0 degrees to 90 degrees to 
the input surface. 

32. The lightguide of claims 26, wherein the optical structures 
comprise discrete optical structures dispersed in a pattern. 
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33. The lightguide of claim 26, wherein the optical structures are 
formed in each of the back surface and the output surface. 

34. The lightguide of claim 26, wherein the back surface is formed 

5 with facets and the optical structures are formed in the output surface. 

35. * The lightguide of claim 26, wherein the varying characteristic 
varies as a function of a position of the varying characteristic on said 
surface . 



10 
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BRIGHTNESS ENHANCEMENT FILM WITH IMPROVED VIEW ANGLE 
BACKGROUND OF THE INVENTION 

This invention relates to brightness enhancement films and, more specifically to such 
films having curved facet prism structures and increased prism peak angles and 
refractive indices. 

In backlight computer displays or other systems, optical films are commonly used to 
direct light. For example, in backlight displays, brightness enhancement films use 
prismatic structures to direct light along the viewing axis (i.e., an axis normal to the 
display, or "on axis"). This enhances the brightness of the light viewed by the user 
of the display and allows the system to use less power to create a desired level of on- 
axis illumination. Films for turning light can also be used in a wide range of other 
optical designs, such as for projection displays, traffic signals, and illuminated signs. 

Backlight displays and other systems use layers of films stacked and arranged so that 
the prismatic surfaces thereof are perpendicular to one another and are sandwiched 
between other optical films known as diffusers. Diffusers have highly irregular 
surfaces. 

The use of current commercial brightness enhancement films causes a sharp cut-off 
in brightness between about 40 and 50 degrees off-axis. At angles beyond this cut- 
off there are side-lobes in the angular brightness distribution. These side-lobes can 
result in a waste of energy because they are outside the desired. viewing angle 
specifications of many liquid crystal display (LCD) devices. The side-lobes are also 
undesirable in security applications since they allow light to reach unintended 
viewers. 

Thus, there is a continuing and demonstrated need in the prior art for brightness 
enhancement films which suppress sidelobes in the angular distribution of brightness. 

SUMMARY OF THE INVENTION 
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In a first embodiment, the invention features a structural shape for the surface of an 
optical substrate such that the brightness of diffuse light departing from the surface of 
the optical substrate at certain off axis angles is reduced, at the expense of a small 
reduction in peak brightness measured near the viewing axis. The net result is an 
overall increase in useful illumination. Such an optical substrate comprises a surface 
characterized by a cross section of at least one prism having a curved sidewall or 
facet. 

In a second embodiment, the invention features a combination of a high index of 
refraction prismatic structure with a modified prism geometry. Brightness 
performance is met or exceeded, for example in an LCD back light display device, 
when the index of refraction of the prism structure is increased to a value above the 
index of refraction of materials commonly used in brightness enhancement films, 
while the peak angle is allowed to increase beyond.90 degrees. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a cross sectional view of a backlight display device. 

FIGURE 2 is a perspective view of an optical substrate comprising a surface 
characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 3 is a first cross sectional view of an optical substrate comprising a surface 
characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 4 is a second cross sectional view of an optical substrate comprising a 
surface characterized by a cross section of a prism having a curved sidewall or facet. 

FIGURE 5 is a graphical depiction of brightness as a function of horizontal viewing 
angle for an optical substrate comprising a surface characterized first by a cross 
section of a right angle prism, second by the curved sidewall or facet in Figure 3 and 
third by the curved sidewall or facet in Figure 4. 
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FIGURE 6 is a cross sectional view of a compound angle prism and of the geometric 
parameters of the curved sidewall or facet of Figures 3 and 4 as described by a 
segment of a polynomial function. 

FIGURE 7 is a perspective view of twp optical substrates positioned in a crossed 
configuration wherein prismatic structures are positioned at an angle with respect to 
one another (e.g., 90 degrees). 

FIGURE 8 is a map of the central luminance of crossed optical substrates as a 
function of the prism peak angle and the refractive index of the substrate. 

FIGURE 9 is a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. 

FIGURE 10 is a graphical depiction of the far field vertical luminance of crossed 
optical substrates as a function of vertical viewing angle. 

FIGURE 1 1 is a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. 

FIGURE 12 is a graphical depiction of the far field vertical luminance of crossed 
optical substrates as a function of vertical viewing angle. 

DETAILED DESCRIPTION OF THE INVENTION 

In Figure 1 a cross sectional view of a backlight display device 100 is shown. The 
backlight display device 100 comprises an optical source 102 for generating light 
104. A light guide 106 guides the light 104 therealong by total internal reflection 
(TIR). The light guide 106 contains disruptive features that cause the light 104 to 
escape the light guide 106. A reflective substrate 108 positioned along the lower 
surface of the light guide 106 reflects any light 104 escaping from the lower surface 
of the light guide 106 back through the light guide 106 and toward an optical 
substrate 110. At least one optical substrate 1 10 is receptive of the light 104 from the 
light guide 106. The optical substrates 1 10 comprise a three-dimensional surface 1 12 
defined by prismatic structures 1 1 6 (Figs. 2, 3 and 4). 
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The optical substrates 110 may be positioned, one above the other, in a crossed 
configuration wherein the prismatic structures 116 are positioned at an angle with 
respect to one another (e.g., 90 degrees) as seen in Figure 7. The prisms 116 have a 
prescribed peak angle, a, a height, h, a length, 1, and a pitch, p and one or both of the 
prismatic surfaces 112 may be randomized in their peak angle, a, height, h, length, 1, 
and pitch, p. Yet further, one or both sides of the substrates 110 may have the prisms 
116. In Figures 2, 3 and 4, in a. first embodiment of the invention, the sidewall or 
facets 132 of the prisms 116 which comprise the surface 112 are curved. The 
curvature can be described as a segment of a parabola, or more generally as, a 
polynomial surface given by the sag equation: 

cr 1 

z = i ===== + dr 2 + er 4 + fr 6 + Higher order terms in r (1) 

i +A /i-(i+it) c v 

where z is the perpendicular deviation (or "sag") in microns of the sidewall or facet 
132 of the prisms 116 from a straight reference line 128, originating at a first 
reference point (b) at a base of the prism and terminating at a second reference point 
(a) near the peak of the prism (see Figure 6) and c" 1 is the radius of curvature of the 
facet. Here the coefficients of the polynomial may have the following approximate 
ranges: -20 < c < 20, -10 < d < 10, -10 < e < 10, -10 < f < 10, and -1< k or less than 
or equal to zero, wherein r is a radial coordinate or distance from an optical axis in 
microns. It is noted that c 2 r 2 is greater than or equal to zero and less than or equal to 
1. Odd order terms in r (e.g., r\ r 3 , r 5 , r 7 , etc.) with appropriately chosen coefficients 
may also be used as in Eq. 1. The higher order terms for the even and odd order 
terms have appropriately chosen coefficients. Terms other than the first r 2 term may 

N 

be written as: ^a,r' . 

Linear segments 124, 126 or other approximations to the polynomial described by 
Eq. 1 may also be used as seen in Figure 6. Linear segments 124, 126 result in a 
compound angle prism having a first facet 126 at an angle of 8 and a second facet 
124 at an angle of p. As best understood from Figure 6, the curvature of the curved 
sidewall or facet 1 32 of the prisms 1 16 can be either convex or concave. In Figure 6, 
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the side facets of the prism are positioned so as to form one or more compound facets 
124, 126, respectively subtending an angle of P or 0 with the base of the prism. 

Sample cross sections of the prisms 116, over a width w, are shown is Figures 2, 3 
and 4. Figure 5 is a graphical depiction of brightness as a function of horizontal 
viewing angle for an optical substrate comprising a surface characterized first 1 18 by 
a cross section of a right angled, straight-sided prism, second 122 by the curved 
sidewall or facet in Figure 3, and third 120 by the curved sidewall or facet in Figure 
4. As can be seen in Figure 5, for a right angled, straight-sided prism 118 the 
brightness shows significant side lobes 128, 130 at a horizontal view angle of 
approximately +/- 50 degrees. These sidelobes are not seen in either of the curved 
faceted prisms of Figures 3 and 4. However, there is a slight reduction in overall 
brightness for the curved prisms. As seen by comparing graph 122 with graph 120 in 
Figure 5, for a refractive index of approximately 1.6 in the optical substrate the 
steeper the curvature of the side wall the greater the reduction in overall brightness. 
Also, as seen in Figure 5, as the curvature of the facets increases away from the 
straight wall of a 90 degree prism, the wider is the central lobe and the lower is the 
central luminance and the sidelobes. 

In a second embodiment, a relatively high index of refraction for the optical substrate 
110 in combination with a modified prism geometry yields an enhanced brightness. 
In particular, Figure 8 displays a map of the central luminance in per cent of crossed 
optical substrates as a function of the prism peak angle and the refractive index of the 
substrate, wherein a refractive index of 1 .6 and a peak angle of 90 degrees is taken to 
be 100 per cent. By increasing the peak angle to 100 degrees and increasing the 
refractive index of the optical substrate generally to greater than about 1.65 and in 
particular to between approximately 1.7 and 1.8, the luminance is at least 102 per 
cent. 

Figure 9 shows a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. In Figure 9, a prior art 
luminance profile, based upon a refractive index of 1 .65 and a peak prism angle of 90 
degrees is shown at 150. As can be seen in Figure 9, the prior art shows sidelobes at 
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152. By increasing the refractive index of the substrates to about 1.75 and the peak 
prism angle to about 100 degrees, as seen at 154, the central portion of the luminance 
profile (e.g. +/- 30 degrees) displays a higher peak luminance (about 118) with 
essentially no sidelobes 1 56. 

Similarly, Figure 10 shows a graphical depiction of the far field vertical luminance of 
crossed optical substrates as a function of vertical viewing angle. In Figure 10, a 
prior art luminance profile, based upon a refractive index of 1.65. and a peak prism 
angle of 90 degrees is shown at 158. As can be seen in Figure 10, the prior art shows 
sidelobes at 160. By increasing the refractive index of the substrates to about 1.75 
. and the peak prism angle to about 100 degrees, as seen at 162, the central portion of 
the luminance profile (e.g. +/- 30 degrees) displays a higher peak luminance (about 
1 1 8) with suppressed sidelobes 1 64. 

Figure 1 1 shows a graphical depiction of the far field horizontal luminance of crossed 
optical substrates as a function of horizontal viewing angle. In Figure 1 1, a prior art 
luminance profile, based upon a refractive index of 1.60 and a peak prism angle of 90 
degrees is shown at 166. As can be seen in Figure 11,. the prior art shows sidelobes 
at 168. As further seen at 170 in Figure 11, by increasing the peak angle from 90 
degrees to about 100 degrees while keeping the refractive index of the substrate at 
1.60, the sidelobes 172 are reduced slightly while the central segment of the 
luminance is only slightly less. Still further, by increasing the refractive index of the 
substrates to about 1.75 and the peak prism angle to about 100 degrees, as seen at 
174, the central portion of the luminance profile (e.g. +/- 30 degrees) displays a 
slightly higher peak luminance (about 1 05) with slightly lower sidelobes 1 76. 

Similarly, Figure 12 shows a graphical depiction of the far field vertical luminance of 
crossed optical substrates as a function of vertical viewing angle. In Figure 12, a 
prior art luminance profile, based upon a refractive index of 1.60 and a peak prism 
angle of 90 degrees is shown at 178. As can be seen in Figure 12, the prior art shows 
sidelobes at 180.' As further seen at 182 in Figure 12, by increasing the peak angle 
from 90 degrees to about 100 degrees while keeping the refractive index of the 
substrate at 1.60, the sidelobes 184 are reduced while the central segment of the 
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luminance is only slightly less. Still further, by increasing the refractive index of the 
substrates to about 1:75 and the peak prism angle to about 100 degrees, as seen at 
186, the central portion of the luminance profile (e.g. +/- 30 degrees) displays a 
higher peak luminance (about 105) with slightly lower sidelobes 188. 

Thus, it can be seen from Figures 8-12 that by increasing the refractive index of the 
substrate 110 and/or by increasing the peak angle, a, of the prism structures 1 16, an 
improvement is realized in an increase in the on-axis luminance of the optical 
substrate 110 as well as a reduction in the energy sidelobes of the horizontal and 
vertical luminance profile. 

The optical substrate 110 may be formed from an optically transparent polymer, an 
ultraviolet (UV) curable organic or inorganic material (or hybrid thereof). In such an 
optical substrate 1 10, an index of refraction of greater than about 1.65 is preferred. 

Aside from the use of the optical substrates 1 1 0 described above in backlight displays 
for brightness enhancement, the substrates can be used in a wide variety of other 
applications as well. Embodiments of the substrates 110 can be used in Fresnel 
lenses, hybrid glass/plastic lenses, optical disks, diffuser films, holographic substrates 
or in combination with conventional lenses, prisms or mirrors. Such embodiments 
could be formed by modulating concentric circles or ellipses haying fixed 
characteristics. The optical substrates can also be used in single or multi-order 
reflective, transmissive or partially transmissive, devices, whether light absorbing or 
non light absorbing; prisms, holographic optical elements, or diffraction gratings. 
The substrates can be used in other applications such as projection displays, 
illuminated signs, and traffic signals. Another property of the invention is that the 
curved (or compound angle) facets increase the blurring of the light guide features. 
This is an advantage since it enhances the visual appearance of the display. 

Any references to first, second, etc., or front and back, right and left, top and bottom, 
upper and lower, and horizontal and vertical or any other phrase relating one variable 
or quantity to another are, unless noted otherwise, intended for the convenience of 
the description of the invention, and are not intended to limit the present invention or 



7 



WO 2004/053538 PCT/US2003/037059 

its components , to any one positional or spatial orientation. All dimensions of the 
components in the attached Figures can vary with a potential design and the intended 
use of an embodiment without departing from the scope of the invention. 

While the invention has been described with reference to several embodiments 
thereof, it will be understood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof without departing from 
the scope of the invention. In addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that the invention not be 
. limited to the particular embodiments disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 
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CLAIMS 

1 . An optical substrate (1 10) comprising: 

a surface (112) comprising a prism structure (116) characterized by a cross section 
having a curved facet described by the equation 

z = , Cyl + dr 2 + er A +fr\ 

,l + Vl-(l + *)c 2 r 2 

wherein z is the perpendicular deviation of the surface (1 12) of the facet of the prism 
(116) from a straight line originating at a first reference point and terminating at a 
second reference point and the coefficients of the polynomial lie within the following 
approximate ranges: -20 < c < 20; -10 < d <10; -10 < e < 10; -10 <f< 10 and -1< kis 
less than or equal to zero and where r is a radial coordinate or distance from an 
optical axis. 

2. The optical substrate as set forth in Claim 1 wherein the prism structure (1 16) 
comprises a plurality of prisms having a prescribed peak angle, a, a height, h, a 
length, /, and a pitch, p. 

3. The optical substrate as set forth in Claim 2 wherein the plurality of prisms 
(116) include at least a pseudorandom peak angle, a, height, h, length, /, and pitch,/?. 

4. ' The optical substrate as set forth in Claim 1 wherein a peak angle of the prism 
(116) is greater than 90 degrees and the refractive index of the substrate is between 
approximately 1.65 and 1.8, 

5. The optical substrate as set forth in Claim 4 wherein the peak angle is 100 
degrees. 

6. An optical substrate (110) comprising: 

a surface comprising a prism structure (116) characterized by a peak angle of greater 
than 90 degrees and a refractive index of between approximately 1.65 and 1.8. 
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7. The optical substrate (110) as set forth in Claim 6 wherein the peak angle is 
100 degrees. 

8 . A backlight display device (1 00) comprising: 
an optical source (102) for generating light (104); 

a light guide (106) for guiding the light (104) therealong including a reflective device 
(108) positioned along the light guide (106) for reflecting the light (104) out of the 
light guide (106); 

an optical substrate (110) receptive of the light (104) from the reflective device (108), 
the optical substrate (110) comprising: 

a surface comprising a prism structure (116) characterized by a cross section having 
a curved facet. 

9. The backlight display device as set forth in Claim 8 wherein the curved facet 
is described by a segment of a polynomial function. 

10. The backlight display device as set forth in Claim 8 wherein the segment of 
the polynomial function is described by the equation 



wherein z is the perpendicular deviation of the surface of the facet of the prism from a 
straight line originating at a first reference point and terminating at a second reference 
point and the coefficients of the polynomial lie within the following approximate 
ranges: -20 < c < 20; -10 < tf<10; -10 < e < 10; -10 <f< 10 and -1< Aris less than or 
equal to zero and where r is a radial coordinate or distance from an optical axis. 

11. The backlight display device (100) as set forth in Claim 8 wherein a peak 
angle of the prism is greater than 90 degrees and the refractive index of the substrate 
is between approximately 1 .65 and 1.8. 
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12. The backlight display device as set forth in Claim 1 1 wherein the peak angle is 
100 degrees. 

13. The backlight display device (100) as set forth in Claim 8 wherein the optical 
substrate (110) is formed with an optically transparent material with an index of 
refraction between approximately 1 .65 and 1.8. 

14. The backlight display device (100) as set forth in Claim 10 wherein the optical 
substrate (110) is formed with an optically transparent material with an index of 
refraction of approximately 1.75. 

15. An optical substrate (110) comprising: 

a surface (112) comprising a prism structure (116) characterized by a cross section 
having a plurality of facets including a first facet (126) oriented at a first angle with 
respect to the surface of the prism and a second facet (124) oriented at a second angle 
with respect to the surface of the prism; 

wherein the first and second facets (124, 126) intersect at one side of a centerline of 
the prism and the first and second angles are different. 

16. The optical substrate (110) as set forth in Claim 15 wherein a peak angle of 
the prism structure is greater than 90 degrees and the refractive index of the substrate 
is between approximately 1 .65 and 1.8. 

17. The optical substrate (110) as set forth in Claim 16 wherein the peak angle is 
100 degrees. 

18. The optical substrate (110) as set forth in Claim 1 wherein the prism structure 
(1 16) is an ultraviolet curable organic or inorganic material. 

19. The optical substrate (1 10) as set forth in Claim 6 wherein the prism structure 
(1 16) is an ultraviolet curable organic or inorganic material. 
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20. The backlight display device (100) as set forth in Claim 8 wherein the prism 
structure is an ultraviolet curable organic or inorganic material. 

2 1 . The optical substrate (1 1 0) as set forth in Claim 1 5 wherein the prism structure 
(1 1 6) is an ultraviolet curable organic or inorganic material. 

22. The optical substrate (1 10) as set forth in Claim 1 wherein the prism structure 
(116) includes a peak angle of greater than approximately 94 degrees and wherein c, 
d 9 e,f, and k are approximately equal to zero. 

23. The optical substrate (1 10) as set. forth in Claim 1 wherein the equation for z 

N 

includes higher order terms in r defined by the summation ^a t r l where a t are 



coefficients and N is an integer. 



24. The optical substrate ( 1 1 0) as set forth in Claim 1 0 wherein the prism structure 
(116) includes a peak angle of greater than approximately 94 degrees and wherein c, 
d y e 9 f, and k are approximately equal to zero. 

25. The optical substrate (1 10) as set forth in Claim 10 wherein the equation for z 

N 

includes higher order terms in r defined by the summation ^^r 1 where a x are 
coefficients and N is an integer. 

26. An optical substrate (1 1.0) comprising: 

a surface comprising a prism structure (116) characterized by a cross section having a 
facet described by the equation 



z = 



cr 2 



l + Vl-(l+A:)cV ' 
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wherein z is the perpendicular deviation of the surface of the facet of the prism from a 
straight line originating at a first reference point and terminating at a second reference 
point. 

27. The optical substrate (110) as set forth in Claim 26 wherein the equation 
further comprises a summation of higher order terms 

wherein the coefficients thereof lie within the following approximate ranges: -20 < c 
< 20; -10 < d <10; A0<e< 10; -10 <f< 10 and A < k is less than or equal to zero 
and where r is a radial coordinate or distance from an optical axis. 

28. An optical substrate (110) comprising: 

a surface comprising a prism structure (116) characterized by a cross section having a 
plurality of facets intersecting at a peak so as to subtend a peak angle of a. 

29. The optical substrate (110) as set forth in Claim 28 wherein the plurality of 
facets form one or more compound facets respectively subtending an angle of (3 or 6 
with a base of the prism. 
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